HMA Construction Program

HMA Delivery


Presenter
Presentation Notes
Delivery is the start of the HMA construction process.  

Like any process, if it is planned properly, it will go smoothly.

The smoother the process, the better the product.



The key elements of this module are presented (in detail) under Section 13: “Mix Delivery” of the Hot-Mix Asphalt Paving Handbook 2000, pp. 115-121.




Learning Objectives

. State the objective of HMA delivery

2. Discuss key Issues related to haul

trucks

. Describe proper truck operation
(loading and unloading) techniques

. Describe segregation


Presenter
Presentation Notes
Present the five primary learning objectives of this module.



The theme to this module is looking at HMA construction as a process, and how keeping the process running smoothly lessens problems and improves the product.






HMA Delivery

 What Is the objective?

e Truck drivers are a key component,...
Make them a part of the team!


Presenter
Presentation Notes
 Have the participants identify what the objective of HMA delivery is by asking questions such as:

Are we just trying to pick up and deliver a material from point A to point B?

Do we care how long it takes to deliver the material?

Do we care what condition the material is in when we deliver it?



2. Ultimately, the objective we are looking for is one that involves picking up and delivering the HMA material in a timely fashion without seriously affecting its desirable properties (i.e., temperature uniformity and aggregate gradation).



3. Drivers must be made part of the paving team from the beginning.  They should understand their role and purpose in the team.

Safety is paramount around the jobsite.  Drivers must act responsibly, and adequate traffic control must be available to ensure safe passage.






Key Issues Related to
Haul Trucks

Types and characteristics of haul trucks
Methods of heat insulation

Cleaning

Truck maintenance


Presenter
Presentation Notes
Listed here are the 4 key issues related to haul trucks that will be addressed. The bulk of the attention will be given to the types and characteristics of haul trucks.


Three Basic Types of Haul Trucks

 End dump
e Belly (bottom) dump
* Horizontal discharge


Presenter
Presentation Notes
There are 3 primary types of HMA haul trucks.  Each is loaded at the plant in the same manner from the silo or pug mill.  The difference is in how they unload the mix at the paver.




End Dump Trucks

Standard

Semi-trailer


Presenter
Presentation Notes
Shown here are two types of end dump trucks, the standard “10 wheeler” and a typical tractor semi-trailer.


Standard End Dump Truck

Capacity: 11-18 Mg (12-20 tons)
3 to 6 axles

Advantage: Maneuverabillity
Disadvantage: Limited capacity


Presenter
Presentation Notes
Shown here are the basic characteristics, advantages and disadvantages of the standard end dump truck.



Note: This slide provides answers to one of the questions at the end of the module.


Semi-trailler End Dump Truck

Capacity: 18-23 Mg (20-25 tons)
5 to 6 axles

Advantage: Capacity
Disadvantages:

Overhead clearance 4
7,
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Poor maneuverability s
ncreased segregation 2

Potential conflicts with paver


Presenter
Presentation Notes
Shown here are the basic characteristics, advantages and disadvantages of the semi-trailer end dump truck.  The photo inset highlights one of its disadvantages during operation.




Double Trailler Combinations



Presenter
Presentation Notes
Double trailer combinations are used in some locations.

Must drop the pup to discharge the second load.

Ask:  What types of trucks are used here for hauling HMA?




Belly Dump Truck



Presenter
Presentation Notes
The belly (or bottom) dump truck drops HMA in a windrow just ahead of the paver.  A separate device (windrow elevator or pick-up machine) is used to pick up and load the HMA into the paver hopper.


Belly Dump Truck

e Capacity: 18-23 Mg (20-25 tons)
* Advantages:
— Capacity
— No contact with paver
e Disadvantages:
— Requires attention to sizing the windrow

— Need for windrow elevator
— Potential for aggregate segregation


Presenter
Presentation Notes
Shown here are the basic characteristics, advantages and disadvantages of the typical belly dump truck.




Horizontal Discharge Truck



Presenter
Presentation Notes
Horizontal discharge (or live bottom) truck.

Shown here is the “Michigan Special” with a capacity upwards of 45 Mg (50 tons)

Conveyor belt or slat conveyor discharges mix from back, without raising bed, directly into paver.


Horizontal Discharge Conveyor



Presenter
Presentation Notes
Conveyor moves mix out the back end, directly into the paver hopper.




Horizontal Discharge Truck

Capacity: 18-45 Mg (20-50 tons)
5+ axles

Advantages

— Capacity

— Limited segregation during unloading

Disadvantages
— Poor maneuverability
— Availability


Presenter
Presentation Notes
Shown here are the basic characteristics, advantages and disadvantages of the horizontal discharge truck.




Tarp for (Some) Protection
Against Heat Loss and
Inclement Weather

Are there any
potential problems
with this tarp
configuration?



Presenter
Presentation Notes
Haul trucks should be equipped with tarps as they protect the mix during inclement weather and help retain heat.

Tarps should be water-repellent, resist tearing, without holes.

Mechanically extendable tarps are preferred (to keep the driver off the side of the truck).

Note that some tarps (such as the one shown in this photo) can do more to create temperature segregation than retaining heat.  If they do not completely cover the bed, they can funnel air into the mix as the truck travels down the road.



Ask: What are local requirements for tarps?

Must have?

Used when?




Side Insulation



Presenter
Presentation Notes
Where necessary, insulation should be added to keep the mix hot.

Insulation should be tight against the truck body, with no gaps.




Keep Truck Bed Clean
g



Presenter
Presentation Notes
The haul truck bed should be kept clean and free of deleterious materials.

Also, the bed should be smooth and free from major dents or depressions where release agent and HMA can accumulate.




Use Only Approved
Release Agents



Presenter
Presentation Notes
Non-petroleum materials sprayed uniformly on the sides and bottom–just enough to coat the bed without runoff.

Diesel fuel can cause problems with the mix, and is hazardous to the environment.



Ask: What type of release agents are normally used locally?



Note: This slide provides an answer to a later question.




Keep Outside of Bed Clean Too



Presenter
Presentation Notes
The outside of the truck should also be kept clean and free of extraneous materials.

Look for loose rock and dirt near the truck’s tail lights.



Ask:  Why is exterior cleaning necessary?  There are two primary reasons: 1) debris can shake loose and break a windshield and 2) excess mix can drop in front of the paver and affect the quality of the mix.




Haul Vehicle Maintenance

Engine
Drive Train
Hydraulic System

Brakes
Lights


Presenter
Presentation Notes
Trucks must be in mechanically sound condition.

Items to maintain include engine, drive train, hydraulic system, brakes, and lights.

It is the responsibility of the truck driver to ensure that his vehicle is maintained.


What problem does this
hydraulic fluid leak create?
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Presenter
Presentation Notes
Hydraulics must be checked daily.

Hydraulics raises and lowers bed.  Problems with this could be dangerous.



Ask:  What will happen to the pavement where this hydraulic fluid leaked?




Acceptable Truck Bed?



Presenter
Presentation Notes
Truck beds should be free from dents or depressions because they can affect the release of the mix (during unloading) and can cause segregation.

Mixes with modified asphalts can cause even greater sticking problems in the bed.



Ask:  As an inspector, would you continue to accept mix from a truck in this condition?




Truck Loading Practices
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Presenter
Presentation Notes
Next we are going to look at truck loading practices.

This photo shows silo gates discharging mix into the truck.

This subject may seem to be fairly simple, but improper loading is a prime source for mix segregation.

Proper loading can help eliminate a segregation problem.

The loading plan should be discussed and agreed upon at the preconstruction conference.




/d Segregation!

Must Avo



Presenter
Presentation Notes
The segregation shown here in the hopper can pass through he paver and end up in the mat.  The segregation seen here resulted from a segregated load.  


Typical Loading Practice

Not recommended for segregation-prone mixes!


Presenter
Presentation Notes
This slide depicts a typical single drop loading practice.  

It is not recommended for segregation-prone mixes because of the propensity for coarse aggregate to roll down the pile.

It can be tempting to load trucks this way when using a silo.

Show on the screen where the rolling of the aggregate would occur (at the back end).


Sequence for Longer
End Dump Trucks



Presenter
Presentation Notes
The objective of truck loading is to get the mix loaded into the truck as uniformly as possible. 

The greatest concern in uniformity is segregating the mix as it is loaded into the truck.

Getting the HMA against the front and back is an  important consideration in preventing segregation.  If the mix is not crowded to the ends, the larger rocks in the mix can roll down the slopes and gather in one place.

Especially for segregation-prone mixes, multiple drop procedures are recommended.  With multiple drops, end dump trucks are loaded at the front of the bed first, then the rear, and finally the middle.

Because of the additional time and hassle of moving the truck, most truckers feel multiple drops are not a practical recommendation.  However, it has been demonstrated as an effective means of controlling segregation during loading.








Sequence for Shorter
End Dump Trucks



Presenter
Presentation Notes
Depending on the size of the truck, a two drop procedure may be appropriate… front of the bed first, then the back.

This might also work for pug mill loading, if two batches would fill the truck.




Typical Loading Practice for
the Belly Dump Trucks

Finish
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Not recommended for segregation-prone mixes!



Presenter
Presentation Notes
With load out from a silo, the urge is to fill the truck from front to rear while the truck creeps forward.

Again, this is not recommended for segregation prone mixes.




Preferred Method for
Segregation Prone Mixes



Presenter
Presentation Notes
For larger capacity semi-trailer trucks, even more drops are necessary.

As with smaller end-dumps, the front and tailgate are loaded first; then the space between is loaded with small, separate piles.




Other Loading Practices
to Avord

* Topping off
e Overloading


Presenter
Presentation Notes
Plant operators may want to top-off the truck to legal limits to reduce haul costs, especially if truck is sitting on the scale under the silo.  

While good economics, it should not occur by dribbling mix into a nearly full truck.

Discharging small amounts of mix into the truck greatly increases the chance for mix segregation.

Overloading is not recommended as it is illegal and dangerous.  Modern electronic scales and printed tickets have helped eliminate this practice.




Truck Operation (Unloading)

e General recommendations associated
with all truck types

« Specific methods for:
— End dump trucks
— Belly dump trucks


Presenter
Presentation Notes
This section addresses most of the key aspects of truck operation associated with the mix unloading operation.

There is first some discussion of the general recommendations associated with all truck types.

This is followed by a discussion of the more specific methods associated with end dump and belly dump trucks.  The emphasis is on end dump trucks.


General Recommendations

Trucks should wait in designated areas
and avoid tracking of tack coat

Coordinate truck schedule to assure
timely arrivals with minimum wait time

Maintain good communications with
plant operators and truck drivers

Check weigh tickets upon arrival to site


Presenter
Presentation Notes
Shown here are some general recommendations relative to HMA delivery practices that apply to all types of trucks. 


End Dump Truck Operation

Positioning in front of paver


Presenter
Presentation Notes
This slide is the first in a series that describes the unloading sequence for a standard end dump truck operation.  They may be used as a setup for a video clip that shows the unloading operation in real time.



Positioning the truck in front of the paver:

The truck brakes to a halt in front of paver, ready to be picked up on the fly.  It is important that the truck be centered on the paver before the paver makes contact.  Damage to the mat and the paver can result from off-center positioning.

The area between the truck and paver is off limits to personnel.  Too many accidents occur in this area.



Ask:  Has anyone ever had a close call?  (If so, possibly have them relate the story.)






End Dump Truck Opera tion
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First contact with paver,... avoid bump!


Presenter
Presentation Notes
Once the truck has stopped, the driver releases the brakes and the paver “picks up” the stopped truck.  In this photo, the truck is also beginning to lift the bed.

The key is that the truck does not back into the paver and bump it.  Bumping the paver can leave a screed mark and roughen the mat.

Once the paver picks up the truck, it pushes the truck forward.   A light touch on the brakes keep the truck against the paver.



Ask:  What should happen before the tailgate is released?




End Dump Truck Operation

Raise bed, but keep tailgate closed
until mix slides against it


Presenter
Presentation Notes
With end dump trucks, the proper procedure for dumping the mix into the hopper is to raise the truck bed slightly and allow the mix to slide against the tailgate before it is released.

This procedure will allow the mix to flood the hopper–not allowing mix to dribble from the truck into the hopper before the bed is raised.  




Ena’ Dump Truck Opera tion
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Open gate and continue to raise bed


Presenter
Presentation Notes
After the hopper is filled, the truck bed is gradually raised, continually charging the hopper and maintaining a smooth operation.




End Dump Truck Operation
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Empty mix in
one smooth,
continuous s
discharge & = /'
"y What
are
baffles
for?



Presenter
Presentation Notes
As the truck empties, the driver follows signals from the dump signaler to raise the bed and discharge all of the mix.



This truck has baffles just inside the tailgate.

Ask:  Why?

Direct mix to the middle of the hopper.

Force mix from the trucks sides to the middle.

Ultimately–to help reduce segregation.








End Dump Truck Operation
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Lower bed before pulling away



Presenter
Presentation Notes
Once the truck is empty, the bed has to be lowered before pulling away.

Lowering the bed will allow the truck apron to clear the hopper guards and avoid ‘bumping” the paver.



Note: This slide provides an answer to a later question.




End Dump Truck Operation

Move out and make room


Presenter
Presentation Notes
Once the truck has cleared the paver, it should immediately depart from the area to a clean up station, and let the next truck back up.

Emphasize the continuous nature of the exchanges, another truck waiting as the finished one departs.






Ena’ Dump Truck Opera tlon

Proceed to the designated clean-up area


Presenter
Presentation Notes
There should be a designated clean up area for the drivers to clean any remaining mix from the rear of the truck, the apron, and the tailgate.

The clean up area is not the paving site.

Again, modified asphalt can make this a more troublesome task.




End Dump Truck Operation
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Presenter
Presentation Notes
This is the video clip depicting a typical unloading operation involving an end dump truck.  

The instructor should provide quick reminders of the operational steps just described.


End Dump Truck Operation

What happened here?


Presenter
Presentation Notes
Ever have to shovel 1.8 Mg (2 tons) of mix out in front of the paver because the truck driver didn’t keep his foot on the brake?

What is the truck driver’s penance?




End Dump Truck Operation
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Problem with pulling away with bed up


Presenter
Presentation Notes
Aside from catching the paver hopper, another problem with not lowering the truck bed before pulling away is spilling mix onto the paving surface.

Any practice that spills mix onto the paving surface should be discouraged.



Note: This slide provides one of the answers to a later question.




End Dump Truck Operation

1IS?

What probably caused th


Presenter
Presentation Notes
“Banging the gate” (leaving the truck bed up,  speeding up, and then stopping quickly to allow the tail gate to bang the truck) should be discouraged.




End Dump Truck Operation
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Why can’t this be paved over?


Presenter
Presentation Notes
If this does occur, the mix must be cleaned off the surface, not just paved over.



Ask:  What could happen if this mix is allowed to stay on the pavement?




Mix Is deposited in the form of a windrow


Presenter
Presentation Notes
With belly (bottom) dump trucks, the mix is deposited on the pavement in front of the paver in the form of a windrow. The windrow can be sized in two ways.

One way uses a spreader box (windrow sizer).  The mix is dumped into the box and placed uniformly on the roadway.  The uniformity ensures the most accurate, constant supply of mix to the paver.

More typically, a bottom dump truck discharges the mix in the windrow on the pavement.  The gate opening and truck speed controls the amount of discharge and size of the windrow.  This is more difficult to control.

For both methods, the windrow must be adjusted to the mat width and thickness.






Belly Dump Truck Operation

Windrow elevator for pickup and charging


Presenter
Presentation Notes
Shown here is a windrow elevator (a.k.a., pick-up machine) being used to pick-up and load the HMA from the windrow into the paver hopper.

The slat conveyor on the windrow elevator must be adjusted to pick all of the mix up from the pavement.

The windrow should be sized to keep the paver hopper 25 to 75 percent full.

Don’t overflow the hopper, and don’t show the slats.



Ask:  Has anyone had experience with windrows?

Sizing them?

Forming them from the truck?

Keeping them uniform?

Using a windrow elevator?


Types of Segregation
(and Treatment
Considerations)

 Coarse/Fine Aggregate
 Thermal


Presenter
Presentation Notes
In the next few slides, we will discuss the two basic types of segregation.


Aggregate Segregation

* Problem — Mix segregation results in
non-uniform gradation and density,
Interconnected air voids, and poor mix
performance

* Typical sources:

— Mix loading
— Mix unloading
— Paver operation


Presenter
Presentation Notes
Coarse aggregate segregation refers to the development of a non-uniform gradation in an HMA mix because of the propensity for coarse aggregate particles to roll down the side of the pile (while the finer aggregates tend to stay in place).

Shown here is a description of the problem(s) associated with aggregate segregation and the typical sources.


=
Minimize Aggregate Segregation
by:

e Better mix gradations

* Improved loading, unloading and paving
practices

* Special equipment — Material Transfer
Vehicle (MTV)


Presenter
Presentation Notes
Shown here are some of the techniques that can be pursued to minimize aggregate segregation.



Note: This slide provides An answer to a later question.


Material Transfer Vehicle

—t Py

Truck dumps into MTV (rather than paver)


Presenter
Presentation Notes
Aggregate segregation can also be minimized through the use of MTVs.

Essentially a rolling surge bin, MTVs receive the mix from the trucks, and then feed the paver.

This vehicle allows the paver to be operated almost continuously, as long as the mix is coming continuously from the plant.

This equipment also eliminates the exchange between the truck and paver, preventing any truck bumping or braking problems.




Material Transfer Vehicle

MTV conveys mix
Into surge bin
Inserted Into
paver hopper



Presenter
Presentation Notes
On the other end of the material transfer vehicle, a conveyor discharges mix into the paver hopper.

Note the oversized hopper insert used with this equipment.



Ask:  Who has used a material transfer vehicle?  Good experiences?  Types of projects?




Thermal Segregation

* Problem — Non-uniform temperature
distribution makes it difficult to achieve
uniform compaction and maximum HMA

performance
* Typical sources:

— Time duration between loading and paving

— Processes that increase mix exposure to
non-uniform cooling


Presenter
Presentation Notes
Thermal segregation can occur due to long haul distances, improper insulation, and paving delays.

It is important that the mix maintains workability through the paver and the ability to achieve compaction. The crust must not affect the mat behind the paver.

A limited amount of “crusting” can be good because it acts as an insulating layer and protects the bulk of the load.

Recent work shows that thermal segregation is a significant factor of long term performance and is reduced from using MTVs or windrow elevators.




Thermal Segregation
can Be Reduced by:

Minimizing time between truck loading
and placement

Jse of truck insulation

Proper paving techniques

Special equipment — Material Transfer
Vehicle (MTV)


Presenter
Presentation Notes
Shown here are 4 of the typical methods for reducing segregation.


Thermal Segregation As
Depicted by Infrared Photos

1. End dump truck directly into paver

2. Blaw-Knox MC-30 MTV
a) With mixing
b) Without mixing
3. Cedarapids MS-3 MTV
Roadtec Shuttle Buggy

5. Belly dump truck with windrow elevator

Photos Courtesy of Washington State DOT

=



Presenter
Presentation Notes
Washington State DOT conducted recently using infrared photography to evaluate thermal segregation in mixes produced behind the paver as a function of the equipment/techniques used to deliver the mix to the paver.  The next few slides shows the equipment that was evaluated in this experiment as well as the resultant infrared photographs.


1. End Dump Directly Into Paver



Presenter
Presentation Notes
Experiment 1 – End dump truck directly into paver.


Infrared Photo of End Dump
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Presenter
Presentation Notes
This photo shows considerable variability of the mix temperature in the back of the end dump truck,… 165 to 262 degrees F.


Infrared Photo
(End Dump Mix Behind Paver)
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Presenter
Presentation Notes
This infrared photo shows the distribution in mat temperature behind the paver after the end dump truck had emptied its load directly into the paver hopper.  The temperature ranges from 151 to 228 degrees F.


2. Blaw-Knox MC-30 MTV



Presenter
Presentation Notes
Experiment 2 – Blaw Knox MC-30 MTV used to transfer the HMA from the end dump trucks to the paver.


Infrared Photo
(Blaw Knox MTV with M/xmg)
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Presenter
Presentation Notes
(Experiment 2A) This slide shows the temperature distribution in the mat behind the paver after a Blaw Knox MTV was used to transfer the mix.  The MTV was set to carry out some remixing of the HMA mix prior to transferring it to the paver.  As can be seen, the temperature range here is 225 to 265 degrees F.   In terms of temperature distribution, this represents a good comparison with that associated with the end-dump truck unloading the HMA directly into the paver.


Infrared Photo
(Blaw Knox MTV W/thout M/xmg)
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Presenter
Presentation Notes
(Experiment 2B) This slide shows the temperature distribution in the mat behind the paver after a Blaw Knox MTV was used to transfer the mix.  In this case, the MTV was NOT set to do any remixing of the HMA mix prior to transferring it to the paver.  As can be seen, the temperature range here is 177 to 250 degrees F.  This is still good by comparison with the temperature distribution associated with the end dump truck unloading directly into the paver; however, not so good by comparison with the other transfer techniques.




3. Cedarapids MS-3 MTV
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Presenter
Presentation Notes
Experiment 3 – Cedarapids MS-3 MTV used to transfer the HMA from the end dump trucks to the paver.




Infrared Photo
(Cedarapids M Tl/)
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Presenter
Presentation Notes
This infrared photo shows the distribution in mat temperature behind the paver in which the Cedarapids MTV was used to transfer the HMA.  The temperature ranged from 240 to 255 degrees F.  This is another very good comparison with the temperature distribution associated with the end dump truck unloading directly into the paver.




4. Roadtec Shuttle Buggy



Presenter
Presentation Notes
Experiment 4 – Roadtec Shuttle Buggy used to transfer the HMA from the end dump trucks to the paver.






Infrared Photo
(Roadtec Shuttle Buggy)
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Presenter
Presentation Notes
This infrared photo shows the minimum, maximum and mean mat temperature associated with the use of the Roadtec Shuttle Buggy to transfer the HMA.  The temperature ranged from 256 to 270 degrees F.  This represents an excellent comparison with the temperature distribution associated with the end dump directly behind the paver.






5. Lincoln 660-H
Windrow Elevaitor



Presenter
Presentation Notes
Experiment 5 – Lincoln 660-H Windrow Elevator used to transfer the HMA delivered by bottom dump trucks into the paver.






Infrared Photo
(HMA in Front of Windrow Elevator)
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Presenter
Presentation Notes
This infrared photo depicts the temperature distribution of the HMA windrow just behind the belly dump truck and in front of the windrow elevator.  The apparent range is temperature is 170 to 270 degrees F.


Infrared Photo
(HMA Windrow Behind Paver)
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Presenter
Presentation Notes
This infrared photo shows the distribution of mat temperature associated with the use of the Lincoln Windrow Elevator to transfer the HMA.  Considering the range in the windrow temperature, the temperature ranged of the mat is surprising (240 to 248 degrees F).  This also represents an excellent comparison with the temperature distribution associated with the end dump directly behind the paver.  However, it is not as good in terms of maximum temperature as the Roadtec Shuttle Buggy.



Note: This slide depicts an answer to a later question.






Balancing Production

HMA

Facility fucﬁ

Paving| \Compaction



Presenter
Presentation Notes
Paving is a constant balancing act.

Mix production and delivery must be balanced with laydown and compaction to ensure a smooth operation and a high quality mat.  (Details on each of these are covered later.)



Mix production: 200 to 700 Mg per hour (220 to 772 tons), plus silos

Haul trucks: Adequate numbers (and no pack driving!)

Laydown production: dependent on width and depth

Compaction:  How many rollers do you need?



Note: This slide provides an answer to a later question.




Questions???
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